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Botulism as an Intestinal Toxemia

[raditionally, botulism has been known as a foodborne
ease and as such has always been of interest to gastro-
) terologists. Eighteen years ago the traditional view of
otulism was revised and expanded following the recogni-
tion of a new form of the disease, i.e., infant botulism.
ant botulism is an infection of the intestinal tract in
ich ingested Clostridium botulinum spores germinate,
Itiply, and temporarily colonize the lumen of the large
estine and produce botulinum toxin in it. A minute frac-
n of the intraluminal toxin is then absorbed and carried
the bloodstream to peripheral cholinergic synapses,
ere it binds irreversibly. Clinically, the neuromuscular
ction is the most important peripheral cholinergic syn-
se, and its poisoning by botulinum toxin results in hypo-
a and flaccid paralysis. Botulinum neurotoxin is the
)st poisonous substance known. Its seven serologically
tinguishable forms have arbitrarily been given the let-
A-G. These seven toxin types serve as convenient
ical and epidemiological markers.
Recognition of infant botulism led to the discovery of
 novel clostridial species that can make botulinum-
ke neurotoxins and colonize the human colon. Discovery
of these additional neurotoxigenic clostridia necessitated
etter descriptive term for the infectious form of botu-
m, now referred to as ‘‘the intestinal toxemias of in-
ICYy”’ or “‘intestinal toxemia botulism.”’ The distinction
diseases caused by other toxin-producing intestinal
eria (e.g., Shigella dysenteriae type 1, Escherichia
Vibrio cholerae) is that the intestinal toxemia clos-
a neither invade the mucosa (like Shigella or some E.
nor produce a mucosally active toxin (like V. chol-
ae or other E. coli). Under exceptional circumstances
-» changes in normal anatomy and gut flora), adults
‘become ill with ‘‘infant-type’’ botulism. Intestinal
mia botulism in infants and adults is the subject of

Artien, MD: Infant Botulism Prevention Program, California
ment of Health Services, Berkeley, California 94704.
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HISTORY

Reliable descriptions of foodborne botulism date to
nineteenth century Germany, where Kerner described an
illness known locally as ‘‘sausage poisoning.’’ In 1895 in
the small Belgian town of Ellezelles, an outbreak occurred
among 34 musicians who had eaten from a raw ham pre-
served in salt brine. Twenty-three persons became sick,
13 severely, and 3 died. This episode of botulism became
famous because Emile van Ermengem (1851-1922), Pro-
fessor of Microbiology at the University of Ghent, carried
out a now classical investigation that established the es-
sential aspects of botulism. van Ermengem discovered the
obligatorily anaerobic, spore-forming bacterium known
today as Clostridium botulinum and its phenomenally po-
tent heat-labile toxin, which caused a wide variety of ver-
tebrate animals to die from flaccid muscle paralysis. Much
subsequent work in the United States on the ecology of
the bacterium and the eradication of its spores from
canned foods was carried out in the early decades of the
twentieth century by Meyer, Dack, and colleagues (1).

The second form of human botulism to be recognized,
wound botulism, was first reported in 1951 (1). Wound
botulism is an infectious disease and is the pathophysio-
logical equivalent of tetanus. Wound botulism remains the
rarest form of human botulism, with somewhat over 100
cases reported worldwide. An occasional case of wound
botulism has occurred as a complication of intestinal sur-
gery (2). Wound botulism was the subject of a recent re-
view (3) and will not be discussed further here.

Infant botulism, the third form of human botulism, was
recognized as a distinct clinical and epidemiological entity
in 1976 (4,5), more than 50 years after Orr had first demon-
strated the possibility experimentally (6). Shortly after
modern recognition of the first cases and the naming of
the entity, the novel pathogenesis of infant botulism was
demonstrated (7,8). Discovery in the late 1970s of a labo-
ratory-proven case of infant botulism that occurred in
1931, yet was misdiagnosed at the time, helped confirm
that infant botulism was not a ‘‘new’’ disease but only a



258 / CHAPTER 19

newly recognized one (9). The first case of infant botulism
to be caused by type F botulinum toxin was recognized
in New Mexico in 1979 (10); later the causative bacterium
of this case was found to be a unique strain of Clostridium
baratii that produced a type F-like botulinum toxin
(11,12). The first and thus far only two cases of infant
botulism caused by type E toxin were recognized in
Rome, Italy in 1986 (13), which resulted in discovery of
a unique strain of Clostridium butyricum that produced a
type E-like botulinum toxin (12,14).

Once the intestinal toxemias of infancy had been recog-
nized, it became apparent that intestinal toxemia botulism
could occur in older children and adults under excep-
tional, nonphysiological circumstances. The first case
report that provided impeccable evidence of infant-type
botulism in an adult appeared in 1986 (15). To date, recog-
nized intestinal toxemia botulism has resulted from any
of the three neurotoxigenic clostridial species of C. botuli-
num, C. baratii, and C. butyricum. However, other sys-
temic illnesses presently considered idiopathic may possi-
bly find their explanation in the toxins of the various
clostridial species that are capable of colonizing the large
intestine, if a search for them is made.

Most recently, botulinum toxin has become celebrated
as the first microbial toxin to be harnessed into service
as a medicine for the treatment of human disease (16-18).
The toxin is used to treat a variety of ophthalmological
and neurological conditions characterized by overactivity
or spasm of a particular muscle or muscle group (19).

INFECTIOUS AGENTS

Clostridia by definition are the obligatorily anaerobic,
gram-positive, spore-forming rods. Clinical botulism from
an intestinal toxemia may be caused by any of three clos-
tridial species that produces either botulinum neurotoxin
itself or a closely related botulinum-like neurotoxin.
These three species are C. botulinum and one unique
strain each within the species C. baratii and C. butyricum
(11-14).

In general, each strain of C. botulinum produces a sin-
gle toxin type. However, strains that produce predomi-
nantly one toxin type together with a lesser amount of a
second toxin type are known and have been given the
designations Ab (20), Af (21), Ba (22), and Bf (23). By use
of the polymerase chain reaction, it was recently shown
that 43/79 (54%) of type A strains examined also carried
the gene for type B toxin (24). However, only 1 of these
43 type A strains expressed biologically active type B

- toxin, thus defining it as an Ab strain. A further remarka-
ble finding was the discovery of the type B toxin gene in
two strains of Clostridium subterminale, neither of which
by bioassay expressed the toxin gene (24). The identifica-
tion of the gene(s) for botulinum and botulinum-like toxins
in an increasing variety of non-C. botulinum species sug-
gests that these toxin-encoding genes may await discov-
ery in other clostridial species not yet examined.

The fourth clostridial species known to produce a neu-
rotoxin, C. tetani, is apparently unable to colonize the
human infant intestinal tract, as least as judged by the
absence of reported clinical cases. However, the almost

universal immunization of women in the developed wq
with tetanus toxoid and the in utero transfer of mat
antibody to the fetus may prevent clinically evident
of infant intestinal tetanus toxemia from occurring,
in the less developed world, tetanus in infancy is usu;
ascribed to ‘‘tetanus neonatorum.’’ Perhaps tetanus
atorum cases, especially those 2 months of age and o]
that lack an obvious wound source of toxin, should
evaluated for the possibility of intestinal colonizatic
C. tetani.

The bacterial species designated as C. botulinum i
a homogeneous collection of metabolically similar ba
ria. Instead, the species was intentionally created as
aggregate of the strains that produce botulinum ne;
toxin. This taxonomic decision preceded by several
cades the discovery of the neurotoxigenic strains
baratii, C. butyricum, and C. botulinum type G. Clost
ium botulinum is subdivided into four groups based
cultural and biochemical criteria. Group I consists o
teolytic strains that produce botulinum neurotoxin
A, B, and F; group 1l consists of nonproteolytic strain
that produce neurotoxin types B, E, and F; group II
sists of the strains that produce neurotoxin types
D; and group IV consists of a single strain that prody
neurotoxin type G (1). This latter group was recently
posed for inclusion in a new species, C. argentinense
In the next few years the nomenclature for all C. b
num strains will probably be revised as ribosomal R
and DNA hybridization techniques disclose the more
rect taxonomic relationships between botulinum ne
toxin—producing strains and their nonneurotoxigenic
tridial counterparts (26, 26a, 26b). ;

Seven antigenic variations of botulinum neuro
exist and are distinguished from each other by the abse
of cross-neutralization by monovalent antitoxins. Thi
seven toxin types have been arbitrarily assigned tk
ters A—G (1). Because the neurotoxins produced
butyricum and C. baratii can be neutralized by either bo
ulinum type E or type F antitoxin, respectively,
latter neurotoxins are referred to as ‘‘botulinum-
The structural genes for the two botulinum-like
have been sequenced; the type E-like toxin has ap]
mately 97% homology to classical botulinum type
(27,28), while the type F-like toxin has approx
70% homology to classical nonproteolytic type F bo
num toxin (29). 4

Botulinum toxin is the most poisonous poison Ki
and tetanus toxin is second only to botulinum to
potency (30). The extreme poisonousness of thes
toxins derives from their specificity for synaptic :
cells and their enzymatic action that prevents sy
transmission (see next section). The lethal (bloods
dose of botulinum toxin for a human has been esti
by extrapolation from primate and other animal §
to be less than, and perhaps substantially less than
kg (18,31); tetanus toxin is approximately one Or
magnitude less potent (30,31).

PATHOGENESIS AND PATHOPHYSIOLOGY

As presently known, intestinal toxemia botulis
from ingestion of spores of any one of three ne



nic clostridial species: C. botulinum, C. butyricum, and
baratii. All three species produce either botulinum neu-
oxin or botulinum-like neurotoxin in the lumen of the
Jarge intestine (32,33). The toxin is then absorbed from
colon and carried by the bloodstream to peripheral
holinergic synapses, the clinically most important of
vhich is the neuromuscular junction. The toxin binds to
nmyelinated terminal nerve endings and blocks their re-
ease of acetylcholine, thereby producing flaccid pa-
ralysis.
In its active form botulinum toxin consists of two pep-
ide chains linked by at least one disulfide bond. The
arger or ‘‘heavy’’ chain (~100,000 Da) contains the bind-
ing site by which the toxin attaches to the exterior surface
f the nerve cell membrane. The different toxin serotypes
pparently bind to different cell surface receptors (34).
_After the heavy chain attaches to the cell surface of the
euron, the ‘‘light”’ chain (~50,000 Da) and N terminal
of the heavy chain are taken inside the cell by an endo-
some, the low internal pH of which apparently reduces
he disulfide bond(s) and frees the light chain. The light
hain then emerges into the cell cytoplasm and poisons
_ acetylcholine release through its enzymatic action (35).
. After centuries of curiosity and wonder, the basis of
~ the extreme specificity and potency of the botulinum tox-
ins was recently discovered (36). The light chain of the
seven botulinum toxin serotypes and also of tetanus toxin
‘was found to be zinc-containing endoproteases (37). Their
substrates are various components of the ‘‘docking,” or
‘togetherness,’’ complex of proteins that enable the syn-
aptic vesicle to fuse with the nerve cell terminal mem-
brane and thereby release its acetylcholine into the synap-
ic cleft. These docking proteins have been given various
names and acronyms, e.g., VAMP, SNAP-25, (38). Botu-
linum toxin type B and tetanus toxin were the first of
the group to have their molecular mechanism understood
- (36). These two toxins as well as botulinum toxin types
D, F, and G cleave the VAMP protein. Botulinum toxin
~ types A and E cleave the SNAP-25 protein, and botulinum
~ toxin type C cleaves the syntaxin protein (37,37a—c).
~ The central role of the normal intestinal microflora of
- adult animals in preventing C. botulinum spore germina-
* tion and colonization of the large intestine has been ele-
gantly shown in a mouse model system, in which the ani-
mals paradoxically remained asymptomatic (39-41).
Admlmstratlon of 10° type A spores failed to colonize the
:mtestme of normal adult mice. However, after 2% days
treatment per os with a combination of erythromycin and
kanamycm half the mice could be colonized by just 2 X
sl spores, a 50-fold decrease in inoculum size. But when
l}t} antibiotic-treated mice were placed in cages with nor-
mal, untreated mice, they became resistant to intestinal
: colonlzatlon in 3 days (41). Because mice are copropha-
 BiC, the antibiotic-treated animals presumably had no dif-
ulty in reacquiring a normal mouse intestinal flora from
eir cagemates. Additional work with germ-free animals
.,’mphas1zed the importance of normal flora as a protective
arrier to colonization. Adult, germ-free mice could be
lonized by just 10 C. botulinum type A spores, whereas
ter 3 days in a room that also housed conventional adult
ce in different cages, the formerly germ-free animals
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became resistant to colonization by 10° spores (40). Be-
cause this experimental design precluded coprophagy, the
normal mouse intestinal flora must have been acquired
by different means.

When infant mice rather than adult mice were used as
the experimental animals, their intestines were found to
be naturally susceptible to intestinal colonization by C.
botulinum spores. Unlike the adult mice, pretreatment
with antibiotics was not necessary to achieve colonization
(39). However, like human infants, intestinal colonization
of the normal flora infant mice occurred only within a
restricted age interval (for mice, 7—-13 days of age). Sus-
ceptibility of infant mice to intestinal colonization peaked
between days 8 and 11 in a manner similar to the peaking
of human infant susceptibility to intestinal C. botulinum
colonization between 2 and 4 months of age (Fig. 1)
(39,42). In addition, the infective dose of C. botulinum
spores for infant mice was much smaller than that of their
antibiotic-treated adult counterparts. For normal flora in-
fant mice the 50% infective dose was only 700 spores. In
one experiment, just 10 spores colonized an infant mouse
(39). The minimum infective dose of C. botulinum spores
for human infants is not known, but based on exposure
to spore-containing honeys, it is estimated to be between
10 and 100 spores (43).

In the context of the pathophysiology of intestinal toxe-
mia botulism, it should be emphasized that adults and
older children regularly ingest small numbers of C. botuli-
num spores normally present in both cooked and fresh
agricultural products (e.g., honey) without experiencing
ill effects (44). The presumed explanation for this seeming
paradox is that the fully developed and diversified intes-
tinal microflora, present at a density of 10''-10'? anaer-
obes per gram of feces, prevents germination and out-
growth by the few ingested C. botulinum spores.

Parenthetically, intestinal colonization with C. tetani
could be achieved experimentally when adult germ-free
rats were fed vegetative cells, but not spores, of C. tetani,
yet the animals remained asymptomatic (45). Conven-
tional flora adult mice fed C. tetani spores became colo-
nized only when the inoculum contained 10° or more
spores. Even at this inoculum size, no tetanus toxin was
found in the intestinal lumen 24 hr after ingestion of the
inoculum (46). Also, adult chickens (47) and infant and
germ-free adult rats (48) have been studied as model sys-
tems for infant botulism, as have adult horses and foals
(49). The illness produced in the foals after feeding C.
botulinum spores may in actuality have been intestinal
wound (necrotic ulcer) botulism (49).

Recognition of the central role of the host intestinal
microflora in determining susceptibility or resistance to
colonization by C. botulinum directed attention to factors
that might influence the composition of the normal mi-
croflora. Diet is probably the most important of these fac-
tors in the infant. In comparison with the adult-type flora,
the infant flora is simpler, with fewer genera and species.
The dominant members vary, depending in part on
whether the infant is fed only breast milk, only formula
milk, or a mixture of the two (50,51). Also, the composi-
tion of intestinal flora is changed if solid food such as
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Age at Onset (Infant Botulism) or Death (SIDS), Weeks

FIG. 1. Comparison of the age distribution of all hospitalized cases of infant botulism in the
United States 1976-1992 (N = 1145) and all cases of sudden infant death syndrome (SIDS) in
California (N = 7051). Age in days at onset (infant botulism) or at death (SIDS) converted to

weeks.

cereals become part of the infant’s diet (50,51). The nor-
mal human infant microflora contains several bacterial
species, mainly Bifidofacterium and Bacteroides, that in
vitro can inhibit the multiplication of C. botulinum (52).
Onset of infant botulism occurs at a significantly
younger age in formula-fed infants (7.6 weeks) than in
breast-fed infants (13.7 weeks) (53), perhaps reflecting the
earlier availability in formula-fed infants of suitable eco-
logical niches (50-53) and the formula-fed infant’s lack of
immune factors (e.g., SIgA, lactoferrin, lysozyme, etc.)
contained in human milk (33,54,55). In addition, introduc-
tion of solid foods may ‘‘perturb’’ the intestinal microflora
(50,51) and thereby aid in colonization by C. botulinum

spores (33,42,56).
EPIDEMIOLOGY

The descriptive epidemiologies of intestinal toxemia
botulism in infants and in adults are different. The adult

form will be discussed first, although generalizations are
necessarily limited because less than a dozen cases of
intestinal toxemia botulism in older children and adults
are known (see end of section ‘‘Clinical Aspects’’ for spe-
cifics). Almost all adult intestinal toxemia botulism cases
had either an underlying alteration of normal intestinal
anatomy because of surgery or inflammatory bowel dis-
ease, or an alteration of the normal intestinal microflora
from broad-spectrum antibiotic usage, or both. Adult in-
testinal toxemia botulism has affected both men and
women in widely separated parts of the United States.
No common source of ingested C. botulinum spores has
been identified. Because the potentially at-risk population
for adult intestinal toxemia botulism is so large, consisting
of older persons who have had intestinal surgery, inflam-
matory bowel disease, and exposure to antibiotics, and
because recognized cases are so few, either this illness
occurs only rarely or it is often unrecognized.
The descriptive epidemiology of intestinal toxemia bot-
ulism in infants derives almost entirely from investigation



of hospitalized cases, which represents only a portion of
the clinical spectrum of illness (33,57-59). Present epide-
~ miological generalizations may need to be revised as the
outpatient and sudden death portions of the clinical spec-
trum become more clearly defined (42,60-63).

~ Notably, the infant is the only family member ill.
_ Ninety-five percent of cases occur in children less than 6
months old. The age-at-onset distribution of infant botu-
lism is matched only by one other condition, the sudden
infant death syndrome (SIDS, crib death) (Fig. 1) (42,64).
-~ The youngest case showed symptoms at 6 days of age
(65,66), while the oldest was 363 days old (67). The M/F
ratio of cases is essentially 1:1. Cases have occurred in
all major racial and ethnic groups. Infant botulism has
now been reported from all inhabited continents except
Africa.

Infant botulism has become the most common form of
human botulism recognized in the United States (33). In
the years 1976—1992, a total of 1145 cases of infant botu-
lism were reported in the United States, where approxi-
mately 75-100 cases are recognized annually. Another 63
cases have been reported from 17 other countries. About
half of the U.S. cases have been reported from California,
which has the largest number of births of any U.S. state.
However, California does not have the highest incidence
of infant botulism once adjustment is made for differences
in annual births (Table 1). Notably, only two of the ten
highest incidence states are located east of the Rocky
Mountains. However, the figures for absolute numbers of
cases and for incidence should be viewed with caution
because they depend on correct physician recognition and
reporting of this uncommon illness. Only five U.S. cases
have been outpatients, and all five were recognized by
physicians with prior experience with the more classical
hospitalized patient and who therefore requested the stool
testing needed to document the mild part of the clinical
spectrum. In the United States cases of infant botulism
have occurred in all calendar months. When viewed na-
tionally, seasonal fluctuation appears limited, with a slight
surge in the three fall months August—October (30.4% of
cases), and a slight trough in the three winter months De-
cember—February (22.2% of cases).

The geographic distribution of U.S. cases is uneven.
Approximately two thirds of cases have been reported by

TABLE 1. Cases and incidence of infant botulism, top
ten incidence states, United States, 1977-1992

State Cases Incidence?
Delaware 16 10.0
Hawaii 29 9.7
Utah 53 8.5
California 538 74
Pennsylvania 121 4.7
Washington © 40 3.6
Oregon 24 3.6

- New Mexico 15 3.5
Idaho 9 3.2
 Arizona 24 2.6

@ Per 100,000 live-births.
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the 13 states located in the Rocky Mountains and west-
ward (including Hawaii and Alaska), while the remaining
one third of cases was reported from the other 37 states
(Table 1). In the 13 western states, C. botulinum type A
was responsible for approximately two thirds of cases,
whereas in the 37 easterly states, C. botulinum type B
was responsible for approximately four fifths of cases.
This asymmetrical distribution of case toxin types paral-
lels the asymmetrical distribution of C. botulinum toxin
types in American soils (68). Interesting geographic clus-
ters of infant botulism have been recognized, such as in
a small mountain town in Colorado (69) and in the ‘‘dough-
nut’’ distribution of cases around the core city of Philadel-
phia, Pennsylvania (56,57). All U.S. cases of infant botu-
lism resulted from either type A or type B toxin except
for one case with both toxin types (Hawaii), two cases
with type Bf (both probably New Mexico), and one case
caused by neurotoxigenic C. baratii type F (New
Mexico).

Identified risk factors for illness include a slow intes-
tinal transit time (less than one stool per day) (58,70) and
ingestion of honey (42,43,58,70a,71,72). Honey from a va-
riety of geographic origins is a known reservoir of C. botu-
linum spores (7,73-80), and all major pediatric and public
health agencies in the United States have recommended
that infants not be fed honey for the first 12 months of
life (references in 42). Breastfeeding appears to provide
protection against the fulminant, sudden death presenta-
tion of infant botulism (53).

IMMUNITY

No child who has recovered from infant botulism has
experienced a second episode of the illness. Whether this
outcome results from the development of immunity or
from maturation of the intestinal microflora, or simply
from the rarity of the disease, is unknown. Although ‘‘re-
lapses’ of infant botulism have been reported, a close
reading of those reports suggests that the patients were
just discharged too soon, i.e., before they had recovered
adequate strength to feed and breathe on their own
(81,82). However, patients may regain sufficient strength
to permit hospital discharge even while still excreting C.
botulinum toxin and organisms in their feces (7,83,84); in
these circumstances, it is presumed that they have devel-
oped neutralizing antibody (serum or secretory or both)
against the toxin. Such antibody, if present, can be dem-
onstrated only with the mouse neutralization test. How-
ever, one study of three serum specimens from two pa-
tients with infant botulism that used only an enzyme-
linked immunosorbent assay (ELISA) technique and
crude botulinum toxoid as the capture antigen detected
an antibody rise to this mixture of antigens of C. botuli-
num (85).

PATHOLOGY

Because botulinum toxin is not a cytotoxin, the acute
illness does not result in observable histological or bio-



262 / CHAPTER 19

chemical pathology. With poisoning and loss of the
trophic influence of acetylcholine, the synaptic cleft de-
generates, and acetylcholinesterase activity spreads dif-
fusely across the muscle cell membrane. Muscle atrophy
also occurs. Recovery from botulinum toxin poisoning
occurs through regeneration of the terminal unmyelinated
nerve twigs. Once reformed, these twigs induce formation
of new synaptic clefts, thereby restoring the neuromuscu-
lar junction. During recovery, new motor twigs emerge
both terminally as well as preterminally from the distal
nodes of Ranvier. With time the preterminal axonal
sprouts atrophy, leaving the terminal neuromuscular junc-
tions to initiate muscle contraction (86,87).

CLINICAL ASPECTS
Clinical Manifestations of Botulism

The classical triad of botulism consists of the acute to
subacute onset of (a) a symmetrical, descending flaccid
paralysis notably involving bulbar musculature, (b) a clear
sensorium, and (c) the absence of fever. This triad may
be useful in assessing adult cases, but it is less useful with
infants because of their inability to describe symptoms.
Infant botulism patients typically present with different
complaints articulated by the parents.

Because toxemia is the pathophysiology common to all
forms of botulism, and because blood flow to the head,
face, throat, and neck musculature is relatively greater
than blood flow to limb and trunk musculature, botulism
always first manifests as weakness and paralysis of bulbar
musculature. It is not possible to have botulism without
having at least some cranial nerve palsies. However,
careful and repetitive (i.e., sustained) examination may
be required to identify bulbar palsies, particularly in mild
cases. Fatigability with any repetitive muscle activity is
the clinical hallmark of botulism, and this fact can be put
to diagnostic use (Table 2). Botulism is a pure motor paral-
ysis because only peripheral cholinergic synapses are af-
fected; sensory nerves remain intact. Rarely, adult pa-
tients with botulism may complain of paresthesias; these
paresthesias are thought to result from hyperventilation
and anxiety as the patient perceives his or her muscles
failing to work.

TABLE 2. Neurological signs helpful in the diagnosis of infant botulism

Like other infectious diseases, infant botulism displays
a spectrum in its clinical severity (5,7,33,56,82,89). The
onset ranges from the gradual to the abrupt. At one ex-
treme are patients who returned to their physicians three
or more times in a week as the signs of illness slowly
became evident, while at the other extreme are patients
who were nursing normally 6-8 hr before becoming so
limp that acute meningitis was the diagnosis at presen-
tation.
Because almost all patients recognized to date have
been sufficiently paralyzed to need hospitalization, the
present picture of infant botulism derives from the hospi-
talized patient. However, mildly weak and hypotonic
cases managed as outpatients have been discerned by
alert physicians familiar with the more ‘‘classical’’ mani-
festations. At the opposite end of the clinical spectrum
are those few cases whose history and presentation are
indistinguishable from typical cases of the SIDS (42,57,
58,60-63). There appears to be geographic variation in
the proportion of SIDS cases that may be attributable to
intestinal toxemia botulism (42,57,58,60-63). A recent au-
topsy study concluded that, like C. botulinum, C. per-
fringens and its toxin(s) may also play a role in SIDS via -
the intestinal toxemia pathway (90,91). Other bacterial
toxins have also been proposed as causes of SIDS
(92-97).

Parents typically notice constipation (defined as 3 or
more days without a bowel movement in an infant previ-
ously defecating at least every other day), lethargy, list-
lessness, and poor feeding as the initial symptoms of in-
fant botulism. A nursing mother may experience breas
engorgement because of the child’s weakened strength
and duration of sucking. These early symptoms may be
followed within hours to days by an expressionless face;
a weak, moaning, or high-pitched cry; drooling (the inabil-
ity to swallow); loss of head control (‘‘head lag’’); general
ized weakness; hypotonicity; and, not infrequently, frank
respiratory arrest. Iatrogenic respiratory arrest has oc
curred when positioning patients for lumbar puncture
thus compromising their already marginal airway and re
spiratory ability.

Mild cases or those with gradual onset often have been
brought back repeatedly to office, clinic, or emergency
room settings and been given alternative diagnoses (Tabl

Test

Findings

1. Take patient to dark room. Shine a bright light into the
eye; note quickness of pupillary constriction. Remove
the light when the constriction maximal; let pupil dilate
again. Then immediately repeat the light, continuing
thus for 1-3 min.

2. Shine a bright light onto the fovea, keeping it there for
1-3 min, even if the infant tries to deviate his eyes.

3. Place a clean fifth finger in the infant's mouth, taking
care not to obstruct the airway. Note the strength and
duration of the reflex sucking.

The initially brisk pupillary constriction may become slug
gish and unable to constrict maximally. (Fatigabilit
with repetitive muscle contraction is the clinical hall-+
mark of botulism.)

Latent ophthalmoplegia may be elicited and/or purpose
ful efforts to avoid the light may diminish.
The suck is weak and poorly sustained.

Adapted from ref. 88, with permission.




TABLE 3. Working differential diagnosis \
- of infant botulism

~ Admission

 diagnosis Subsequent working diagnosis
' t/o Sepsis Amino acid metabolic disorder
~ Dehydration Brainstem encephalitis

Viral Drug ingestion

- syndrome Guillain—Barré syndrome
' Pneumonia Heavy metal poisoning (Pb, Mg, As)
Idiopathic Hirschsprung disease
hypotonia Hypothyroidism
Failure to Medium-chain acetyl-CoA

thrive dehydrogenase (MCAD) deficiency
Metabolic encephalopathy
Myasthenia gravis
Poliomyelitis
Viral polyneuritis
-Werdnig—Hoffmann disease

3). Consideration of any of these diagnoses should also
call to mind the possibility of infant botulism. A history
of having been fed honey is not necessary for making the
diagnosis; at present less than 5% of confirmed cases (in
California) have been fed honey before onset. The suspi-
cion of infant botulism necessitates a careful cranial nerve
examination, in which drooling and poor feeding are
understood to represent dysphagia, a weak cry to repre-
sent dysphonia, and ptosis to represent oculomotor palsy
- rather than ‘“‘sleepiness’’ or ‘‘systemic toxicity’’ (Fig. 2).
~ Laboratory findings in botulism are generally normal
- because botulinum toxin is not cytotoxic to any tissue.
The normality of virtually all laboratory screening tests
may also help suggest the possibility of infant botulism.
However, a minimally elevated blood urea nitrogen
(BUN), or a mild ketonemia and ketonuria from dimin-
ished intake of fluid and food, may be present at emer-
gency room or admission evaluation. Dehydration occa-
sionally results in a slightly elevated cerebrospinal fluid
- (CSF) protein concentration. Both serum and CSF abnor-
malities promptly reverse with feeding and hydration.
Electromyography (EMG) is the one bedside diagnostic
study that may be helpful in infant botulism (see below).

Differential Diagnosis and Diagnosis

The principal differential diagnostic considerations are
Guillain-Barré syndrome and myasthenia gravis. The ef-
- fects of various toxic substances (e.g., organophosphate

ppisoning, tick bite) and metabolic conditions (e.g., me-
- dium-chain acetyl dehydrogenase deficiency, hypocal-

cemia, etc.) can be mistaken for botulism but are identifia-
. ble by proper laboratory investigation. In adults, the
. Miller-Fisher variant of Guillain-Barré syndrome (oph-
thalmoplegia, ataxia, areflexia) (98) may cause confusion,

particularly since the CSF may initially be normal. How-
- ever, in this disorder the onset of paralysis may not be
Symmetrical or it may be ascending, with bulbar muscula-
ture affected later rather than earlier in the course of ill-
ness. Paresthesias, asymmetry of paralysis, and an abnor-
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mal CSF or nerve conduction velocity help distinguish
classical Guillain-Barré syndrome from botulism. Myas-
thenia gravis spares the pupillary light reflex and has avail-
able for it three relatively sensitive and specific diagnostic
tests: the presence of antiacetylcholine receptor antibody,
the edrophonium (Tensilon) test, and EMG. With repeti-
tive stimulation at high (50-Hz) frequency the EMG in
myasthenia shows a decremental pattern, in contrast to
the incremental pattern (‘‘facilitation’’) seen in botulism.

The differential diagnosis in infant botulism is straight-
forward, even though the variety of conditions initially
considered may be lengthy (Table 3). Today, 18 years
after its recognition, the most common admission diagno-
sis for infant botulism still remains ‘‘rule out sepsis.’” As
with many conditions, often the most difficult step in diag-
nosis is considering the possibility (Table 3). A careful
history and neurological examination are essential to
prompt diagnosis; very few diseases in the first 6 months
of life present like infant botulism. Clues to diagnosis may
be found on radiographs done for other reasons. The chest
roentgenogram may show an infiltrate in apical lung seg-
ments consistent with aspiration, while an abdominal
roentgenogram may show dilated, gas-filled loops of large
bowel.

In infants, myasthenia gravis in the first 6 months of
life is usually congenital; a history of maternal myasthenia
establishes the diagnosis. Guillain—-Barré syndrome prop-
erly documented by an elevated CSF protein is almost

FIG. 2. Seven-week-old patient with mild infant botulism.
Note ptosis, expressionless face, and lack of neck, arm,
and truncal tone.



264 / CHAPTER 19

unknown in infancy. Metabolic disorders can be identified
by appropriate testing of blood and urine. EMG is inva-
sive, expensive, and painful, but can be helpful if the char-
acteristic BSAP pattern is present (99,100). This pattern,
seen in some but not all (101) patients with laboratory-
confirmed infant botulism, has been given the acronym
“BSAP”’ for ‘‘brief, small, abundant motor-unit poten-
tials”’ (102). However, in a patient with a typical history
and characteristic physical (especially neurological) ex-
amination, an EMG is usually not necessary if prompt
testing of feces can be arranged through a state health
department or Centers for Disease Control and Preven-
tion (CDC) laboratory. The CDC’s 24-hr notification tele-
phone number is (404)639-2206 (Monday-Friday, 8:00
A.M.-5:00 p.M.) and (404)639-2888 (all other times). Other
invasive and expensive diagnostic studies, such as MRI,
CAT scan, EEG and muscle biopsy, yield normal or non-
specific results and are incapable of diagnosing infant bot-
ulism.

Definitive diagnosis of intestinal toxemia botulism is
established by identification of neurotoxogenic C. botuli-
num, C. baratii, or C. butyricum organisms (with or with-
out the concomitant presence of toxin) in the feces of a
patient with an illness consisting of bulbar palsies, flaccid
paralysis, and intact sensation and sensorium. Obtaining
stool with which to carry out the necessary diagnostic
studies may be difficult because of severe constipation;
in this situation an enema with sterile, nonbacteriostatic
water may be given. In suspect adult intestinal toxemia
botulism cases, serum should also be examined for the
possible presence of botulinum toxin. In the years ahead,
molecular diagnostic (i.e., polymerase chain reaction)
techniques may come to surpass the mouse bioassay in
sensitivity and specificity (103-105).

Occasionally it is possible to identify small amounts (<5

—t—Normal

Decreasing
Function

Admission

mouse LDso/mL) of botulinum toxin in the serum of infant
patients if the specimen is collected early in the course
of illness (13,83,106,107). In one report, almost one infant
botulism patient in eight had toxin demonstrable in serum
(106). Examination of feces by the mouse neutralization
test remains the definitive diagnostic assay and should be
done in all patients in whom the diagnosis is suspected.
Clinically suspicious cases that lack an identified causa-
tive toxin type will not be included in official tallies of
infant botulism (108). Physicians are also reminded that
in most jurisdictions botulism or suspected botulism is an
immediately reportable illness.

Clinical Course and Management

The course of infant botulism managed with meticulous
supportive care has some generally predictable features.
Following the acute to subacute onset of symptoms (hours
to days), the progression of weakness eventually necessi-
tates hospital admission. The nadir of hypotonicity and
paralysis is generally reached about 1-2 weeks after ad-
mission. Patients may remain at this stage for as long as
2-3 weeks before showing improvement. Once improve-
ment begins, it continues slowly over subsequent weeks
(Fig. 3). Infant botulism does not have a relapsing course,
and ‘‘regression’’ in a patient who has been improving
should immediately launch a search for an occult compli-
cation (Table 4). The patient may be discharged once
steady recovery is evident and gag reflex, sucking, and
swallowing ability have returned, even though head lag
and constipation may still be pronounced. Alternatively,
the patient may be discharged somewhat earlier if the par-
ents are able to feed the child by gavage at home.

Successful management of botulism is based on two

Discharge

—— Paralyzed Y

v

Time

FIG. 3. Schematic course of infant botulism managed with meticulous supportive care. Time

intervals intentionally omitted.



TABLE 4.—Complications of infant botulism

Adult respiratory distress syndrome
Aspiration

Fracture of the femur

Inappropriate antidiuretic hormone secretion
Misplaced or plugged endotracheal tube
Necrotizing enterocolitis

Otitis media

Pneumonia

Recurrent atelectasis

Seizures secondary to hyponatremia
Sepsis

Tension pneumothorax

Transfusion reaction

Urinary tract infection

Subglottic stenosis?

Tracheal granuloma?®

Tracheitis®

Tracheomalacia?

a A single hospital’s experience (82).

principles: (a) that fatigability with repetitive muscle ac-
tivity is the clinical hallmark of the disease and (b) that
complications can best be avoided by anticipating them.
The first principle is most applicable to feeding and
breathing. A simple positioning maneuver improves respi-
ratory mechanics and ventilation (Fig. 4). The patient is
placed face up on a rigid-bottomed crib, the entire floor
of which is tilted head up at 30°. A small cloth roll is placed
under the neck to support the cervical vertebrae and to
tip the head back so that oral secretions will drain into the
- posterior pharynx, where they are most easily swallowed.
Some support (e.g., a sandbag) is often needed under the
pelvis to prevent the patient from gradually sliding down-
hill. Also as a consequence of this position, the abdominal
viscera pull the diaphragm down and thereby expand the
thorax, thus improving the respiratory mechanics. Also,
any regurgitated stomach contents must travel uphill for
aspiration to result. It is undesirable to elevate the pa-
tient’s head by flexing the crib bed and patient so that a

FIG. 4. |deal positioning of an infant botulism patient.
Note rigid mattress frame, 30° angle of entire body, small

neck roll support. Brace under pelvis is to prevent down-
hill sliding.
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bend occurs between thorax and abdomen. If this is done,
the hypotonic thorax will settle onto the abdomen, making
breathing difficult and tiring.

Intubation should be done prophylactically. Otherwise,
fatigue of upper airway muscles will progress to pharyn-
geal musculature collapse, airway obstruction, and apnea.
Transcutaneous carbon dioxide monitoring is useful in de-
ciding when to intubate. A rising pCO, signals alveolar
hypoventilation from fatigue and progressive paralysis of
respiratory tract musculature. Approximately one third
to one half of hospitalized patients will require intubation.
Tracheostomy is almost never required because patients
with global muscle paralysis and proper positioning can
tolerate intubation for weeks or months without perma-
nent sequelae (109,110).

Patients should be fed by nasogastric tube until it is
certain that their strength of gag, suck, and swallow is
sufficient to sustain them through an entire feeding by
breast or bottle. Expressed breast milk is the nutritional
fluid of choice, particularly because of the immune system
components it contains (leukocytes, sIgA, lysozyme, lac-
toferrin, etc.). Tube feeding (nasogastric or nasojejunal)
also assists in the resumption of peristalsis, a nonspecific
but probably essential contributor to the eventual elimina-
tion of C. botulinum from the colonic microflora. Use
of intravenous feeding (hyperalimentation) is discouraged
both because of its potential for infection and because of
the advantages of tube feeding.

Antibiotic administration is not part of the therapy of
uncomplicated infant botulism. Botulinum toxin is pri-
marily an intracellular molecule that is released by vegeta-
tive cell death and lysis. Consequently, clostridiocidal an-
tibiotics may increase the amount of toxin available for
absorption from a constipated large bowel and may actu-
ally worsen the patient’s condition, a possibility appar-
ently confirmed by recent clinical experience in California
(California Department of Health Services, unpublished
data). Antibiotic use in infant botulism should be reserved
for the treatment of secondary infections. In these circum-
stances, a nonclostridiocidal antibiotic such as trimetho-
prim-sulfamethoxazole or nalidixic acid is preferred in
order to minimize the release of additional toxin from C.
botulinum vegetative cell death. Aminoglycoside antibiot-
ics should be avoided because they may potentiate the
blocking action of botulinum toxin at the neuromuscular
junction (111).

Botulinum toxin does not cross the blood—-brain barrier,
but because the infant may appear comatose to the par-
ents, they often need reassurance that brain damage has
not occurred. Sensation remains intact, so patients are
able to hear and feel normally. Accordingly, auditory, tac-
tile, and visual stimuli should be provided, particularly
in cases of prolonged hospital stay. Maintaining a strong
central respiratory drive is essential in order to offset the
peripheral blockade of neuromuscular transmission by
botulinum toxin. For this reason, sedatives or other drugs
that may cause central nervous system depression as a
side effect, such as metoclopropamide (Reglan), are con-
traindicated.

Constipation may be severe, so full hydration should
be maintained. Stool softeners may be beneficial, but ca-
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TABLE 5. Adults or children with intestinal
Patient age/sex (Ref.) Location Evidence for diagnosis

1. 37/F (15) Maryland, USA 1. Type A botulinum toxin present in 2 serum specimens hospital days 11 and
13.
Type A botulinum toxin present in 2 stool specimens hospital days 15 and
18.
C. botulinum type A organisms present in 4 stool specimens hospital days
15-33.

No evidence of wound or intraabdominal abscess by isotopic, computerized
tomographic, endoscopic, or autopsy examination.

C. botulinum type A organisms, but no toxin, found in the ingested creme of
coconut. Husband who had also consumed the creme of coconut cocktails
remained well.

2. 33/F (114, 116) Oregon, USA 2. C. botulinum type A organisms present in feces hospital day 2.

3. 45/F (115) Texas, USA 3. C. botulinum type B organisms present in feces at or after hospital ad-
mission.

4. ca. 70/M (116) Kentucky, USA 4. Botulinum toxin type B present in serum on hospital day 30. Botulinum
toxin type B present in feces hospital day 22. C. botulinum type B organisms
present in feces hospital day 32.

5. 27/M (116) Iceland 5. Onset of clinical botulism 40 days after eating home-made sausage. Type
B botulinum toxin in serum 47 days after eating home-made sausage. C.
botulinum type B organisms in feces 47 days after eating home-made sau-
sage. No toxin in serum 19 days after eating home-made sausage. Type B
botulinum toxin in enrichment culture of feces 19 days after eating home-
made sausage, but organisms could not be isolated.

6. 54/M (117) Georgia, USA 6. Botulinum toxin, probably type F, present in serum hospital day 4. C. baratii
type F organisms present in stool specimens hospital days 4 and 14. C.
botulinum type B organisms present in feces hospital day 4.

7. 3/F (118) California, USA 7. C. botulinum type A toxin and organisms in two fecal specimens one month
apart. Serum negative for toxin.

8. 67/M° Oregon, USA 8. Type A botulinum toxin in serum at admission; C. botulinum type A-organ-
isms present in feces six months after onset.

9. 48/F9 Indiana, USA 9. C. botulinum type B in feces.

10. 51/F¢ California, USA 10. C. botulinum type B in feces. Serum negative for toxin.

a French investigators reported type B botulinum toxin detectable in serum in 35.7% (10/28) of patients 2 or more
weeks after they had eaten foods containing C. botulinum type B toxin and organisms. Fecal excretion of toxin and
organisms was not studied. Three persons had type B toxin detectable in serum 87 or more days after eating a spoiled
ham, two of whom inexplicably were reported to be asymptomatic (119). ;

b Swiss investigators reported a puzzling patient with Guillain—Barré syndrome in whom type F botulinum toxin was
twice found in serum, once at days 10-28 and again at days 67—74 after onset, during which time the patient was
continuously in the hospital. During these episodes, C. botulinum type F toxin and organisms were also present in
feces. No food was suspected as a source of C. botulinum (120).
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Possible predisposing circumstances

Comment

. Onset 5 weeks s/p antrectomy, vagotomy, and Billroth
type | anastomosis for peptic ulcer disease. Received
broad-spectrum cephalosporin preoperatively. Five
days before onset, patient consumed cocktails con-
taining creme of coconut.

2. Onset 3 years s/p ileojejunal bypass for obesity, with

resultant shortened bowel and small bowel blind
loop. Autopsy not obtained.

3. Onset 10 years s/p cholecystectomy and 7 years s/p

‘“gastric bypass” surgery for obesity, with resultant
small bowel blind loop. Diarrhea, then constipation 1
month before admission.

4. None known.

5. None known. To external appearances, intestinal

tract apparently normal anatomically, physiologi-
cally, and microbiologically.

6. Onset 4 years s/p vagotomy, pyloroplasty, and chole-

cystectomy.

7. Onset 7 weeks s/p radiation therapy, chemotherapy,

and autologous bone marrow transplantation for
neuroblastoma. Postoperative routine oral and occa-
sional parenteral broad-spectrum antibiotic treat-
ment. Ingestion of honey-coated dry cereal and vege-
table-containing, microwave reheated frozen dinner
prior to onset.

8. Crohn’s disease

9. Interval between colostomy for bowel cancer and

onset not available.

10. Onset 14 years s/p ileojejunal bypass for obesity.

Began eating honey 2 weeks before onset, two ali-
quots of which were negative for C. botulinum spores.

10.

. First case of adult intestinal toxemia botulism with

impeccable supporting evidence. Probable source of
C. botulinum spores identified, prior antibiotic expo-
sure, no blind loop. Hospitalized continuously and
died 8 months after onset.

Blind loop; no prior antibiotic exposure. No wounds
and no history suggestive of foodborne botulism.
Died 17 days after onset.

Blind loop; possible prior antibiotic exposure, if any,
unknown. :

Evidence only suggestive. Wife became ill at same
time and died before diagnostic studies done. C. bot-
ulinum type B organisms but no toxin found in three
containers of unopened home-canned blackberries
sufficiently acidic (pH = 3.6) to prevent outgrowth of
spores.

His 3 children developed type B foodborne botulism
within 2 days after eating the home-made sausage.
His wife developed type B botulism with toxin in her
sum and type B organisms in her feces 12 days after
eating the sausage. The sausage eaten by the hus-
band may have contained only vegetative cells of C.
botulinum, or a large number of spores, or both.

No prior antibiotics, no wounds, no history sugges-
tive of foodborne botulism. Hospital stay of 31 days;
chronic weakness and fatigue postdischarge.

First case of nosocomially acquired intestinal toxe-
mia botulism. Patient was treated with botulism im-
mune globulin (IND-4283) under ‘‘compassionate
use’ provisions. Recovered from botulism, but died
from recurrence of neuroblastoma.

Prior antibiotic exposure, if any, unknown.

. Prior antibiotic and chemotherapy exposure, if any,

unknown.

Took an oral penicillin and an antacid for approxi-
mately one week before onset. First adult case with
a history of honey exposure.

° Griffin PM et al., Centers for Disease Control and Prevention (CDC), personal communication.

9 Hatheway CL et al., CDC, personal communication.

¢ California Department of Health Services and CDC, unpublished data.
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thartics are not recommended. The majority of patients
require no special measures beyond occasional rectal
stimulation or a glycerin suppository. Infrequently, a
small inspissated fecal plug can occupy the rectal vault
and must be manually removed before regular defecation
can resume. Enemas intended to remove C. botulinum
and toxin are useless because the bacterium colonizes the
entire length of the large bowel (32).

Patients with infant botulism excrete both C. botulinum
toxin and organisms in the feces for periods ranging from
weeks to months. Consequently, scrupulous handwashing
should be practiced after changing the diapers, which
should be autoclaved. Persons with open lesions on their
hands should not handle soiled diapers. The potentially
lengthy excretion of toxin and organisms (occasionally
longer than 3 months) precludes close contact between
recuperating patients and healthy infants during this time
(e.g., sharing a crib or toys). The eventual exclusion of
C. botulinum from the resident fecal flora, which occurs
in all patients, further confirms that this bacterium is a
pathogen when present in a symptomatic person.

Bladder atony may be present and increases the risk
of urinary tract infection. Gentle manual pressure on the
bladder (the Credé method) can be used to achieve empty-
ing. Doing so is best done as a two-person maneuver, with
one person sitting the infant up and supporting the head
and airway, and the other using two hands (one behind
the sacrum) to squeeze the bladder. Indwelling catheters
or frequent intermittent catheterizations are not recom-
mended because of their ability to initiate a urinary tract
infection.

The second principle of management, the avoidance of
complications, is aided by noting past experience (Table
4). Because daily change in an infant botulism patient may
be almost imperceptible, there can be a deceptive dullness
to its management that may lull the unwary physician into
an erroneous complacency. All complications listed in
Table 4 were nosocomially acquired, some iatrogenically.
A few of these complications represent the irreducible
minimum that accrues to critically ill, paralyzed infants
who must reside in intensive care units for weeks or
months while being entirely dependent on extracorporeal
life support systems.

Efforts to improve the treatment of infant botulism con-
tinue. A human-derived botulinum antitoxin, known for-
mally as botulism immune globulin, is undergoing investi-
gational new drug evaluation for efficacy in California
(112). The results of this randomized, placebo-controlled,
double-blinded, phase II study, whose outcome measures
are progression of paralysis, incidence of complications,
and length and cost of hospital stay, are expected to be-
come available by 1997.

Recovery and Prognosis

Recovery in botulism occurs through regeneration of
terminal and subterminal unmyelinated nerve twigs.
These sprouts then induce formation of new motor end-
plates, thereby restoring neuromuscular transmission.
Clinically and in experimental animals, this process takes

o

several weeks for completion (86,87). Once neuromuscu-
lar transmission is restored, movement resumes. No last-

ing neuromuscular effects of intestinal toxemia botulism
have been observed in infants, but some adults with

foodborne botulism have reported chronicity of weakness

and fatigue (113). The reasons for this difference may in-
clude variation in the amount of toxin absorbed from the
gut or variation in the regenerative capacity of adult and
infantile motor nerve endings.

Infant botulism caused by type A toxin is potentially,
but not invariably, more severe and expensive than that
caused by type B toxin. In California, the mean hospital
stay for 226 patients with type A illness was 5.6 weeks
(median 4.6) at a mean (median) cost of $91,000 ($50,900)
per case, whereas the mean hospital stay for 155 patients
with type B illness was 3.7 weeks (median 3.4) at a mean
(median) cost of $68,300 ($57,700) per case (p < 10™%).
Hospital costs for all patients from 1984 to 1993 averaged
$2400 per day. One quarter of patient had hospital stays
that cost $100,000 or more; the most expensive case was
hospitalized for 10 months at a cost exceeding $890,000.
(All dollar amounts are adjusted to 1993 constant dollars.)

Most patients recover fully from infant botulism. When
death occurs, it is not a direct action of the botulinum
toxin itself. Instead, death results from complications and
the resulting need for intensive care. The case fatality
ratio of infants hospitalized with intestinal toxemia botu-
lism in the United States now stands at less than 1%. This
remarkably low figure is a tribute to the high quality of
intensive care available to these often critically ill, se-
verely paralyzed infants. The experience in other parts of
the world has not been so fortunate.

Clinical Circumstances of Adult and Toddler
Intestinal Toxemia Botulism

Because botulism in older persons has traditionally
been known as a foodborne intoxication, the special cir-
cumstances in which intestinal toxemia botulism has oc-
curred in adults deserve description. Somewhat less than
a dozen cases of intestinal toxemia botulism in adults and
older children have been reported (15,114-118), a situa-
tion that is consistent with the presumed rarity of the con-
dition and its current underrecognition.

The clinical circumstances, possible predisposing fac-
tors, and supporting diagnostic findings of the known
cases of adult and childhood intestinal toxemia botulism
are summarized in Table 5. The potentially predisposing
features common to most—but not all—cases appear to
consist of (a) an altered intestinal tract anatomy, either
from surgery or inflammatory bowel disease, (b) an al-
tered intestinal tract physiology (vagotomy, achlorhydria,
parenteral nutrition, decreased motility), and (c) an al-
tered intestinal microflora following broad-spectrum anti-
biotic treatment. The more puzzling circumstance is the
Icelandic man who apparently had a normal intestinal
tract and acquired intestinal toxemia botulism approxi-
mately 6 weeks after simply ingesting C. botulinum organ-
isms, either as a large number of vegetative cells or
spores, or both.



afant botulism and the intestinal toxemias of infancy
result from ingestion of the spores of various neurotoxi-
ic clostridial species. Circumstantial evidence sug-
ts that most infant patients inhale spores carried by
roscopic (i.e., invisible) dust that then sticks to saliva
nd is swallowed. Such cases are presently unprevent-
le. The easy availability of dustborne botulinum spores
_many parts of the world yet the rarity of clinical cases
infant botulism attests to the importance of host factors
uch as diet and microflora in determining whether or not
“given child who swallows spores will develop clinical
Iness. Breastfeeding appears to slow the onset of illness
d to diminish the risk of respiratory arrest in those in-
fants in whom the disease develops (53).

The one identified, avoidable source of botulism spores
for infants is honey (33,43). All major pediatric and public
1th agencies in the United States concur that honey
‘should not be fed to any child less than 12 months of age
[references in (42)]. Cases of infant botulism attributable
to spore-containing honey have also been reported from
‘Canada, Italy, and Japan (70a—72). Corn syrups were once
considered a possible source of botulinum spores but on
the basis of more recent evidence are no longer thought
to be (121). Additional prevention measures may emerge
from a better understanding of the composition and deter-
-minants of the infant intestinal microflora, the pathophysi-
~ological key to this unique infectious disease.
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